Introduction
Difficult intubating conditions are prevalent in approximately 7-10% of patients who require out-of-hospital emergency endotracheal intubation [1, 2] . Airway anatomy can further be deteriorated through trauma, bleeding, and the use of cervical immobilization collars. In many cases, alternative artificial airways, for example, laryngeal mask airway, laryngeal tube, esophageal-tracheal combitube, modified laryngoscope blades, etc., are not available in the field. Apart from logistic considerations regarding its prehospital availability, a flexible fiberscope is often of little value because even minimal amounts of blood, secretions, or gastric contents may obscure the lens. In contrast to a flexible fiberoptic bronchoscope, the Bonfils intubation fiberscope (Karl Storz GmbH, Tuttlingen, Germany) is a reusable, rigid, straight fiberoptic device with a 401 curved tip, 40 cm long and 5 mm in diameter. A flexible eyepiece is mounted on the handle of the scope. The fiberscope has a connector that fits onto the 15-mm tracheal tube adapter and thereby allows oxygen insufflation ( Fig. 1 ). This also prevents fogging of the distal lens during the intubation procedure. A cold light source or a small battery handle (powered by two 1.5-V alkaline batteries) can be attached to the stylet handle. The tip of the Bonfils intubation fiberscope is positioned just proximal to the tip of the attached endotracheal tube ( Fig. 1, inset) , thereby preventing the lens from being soiled with blood or secretions to some extent. In recent studies, the Bonfils intubation fiberscope has proved its superiority and efficacy in patients with both predicted and unanticipated difficult airways requiring endotracheal intubation [3, 4] .
Having adopted the Bonfils technique in our institution, we felt that because of its battery-powered light source the Bonfils intubation fiberscope could also be used in prehospital settings, independent of a 110/220 V cold light source. After in-hospital training with the Bonfils intubation fiberscope in elective patients with simulated immobilized cervical spine by means of the same rigid collar used in trauma victims, our hospital's mobile intensive care unit (staffed with three paramedics and a specially trained emergency physician) was equipped with a battery-powered Bonfils intubation fiberscope. All cases described below were performed by a boardapproved anesthesiologist (C.B.) who had a formal experience of 20 elective in-hospital intubations with the Bonfils fiberscope.
Case 1
After tumbling off his motorbike on a highway, a 32-yearold male driver suffered multiple open fractures to his right leg and blunt thoracic trauma. Potential cervical spine injury was assumed and treated with a rigid cervical immobilization collar until proven negative later in the hospital. The emergency physician decided to intubate the patient's trachea at the site of the accident. With the patient in a supine position and attached to a spine board, anesthesia was induced with intravenous fentanyl (0.25 mg), etomidate (20 mg), and succinylcholine (100 mg). After the succinylcholine-induced muscle fasciculations had disappeared, the Bonfils intubating fiberscope armed with an 8.5-mm inner diameter standard endotracheal tube was inserted from the right side of the patient's mouth (opening 2 cm) by guiding it along the molars. A jaw thrust maneuver was performed with the left hand to increase the size of the retropharyngeal space. Guided by the right hand, the Bonfils intubation fiberscope was advanced into the glottic aperture and the endotracheal tube inserted into the trachea under direct vision. Thereafter, correct glottic passage of the endotracheal tube was visualized with the Bonfils intubating fiberscope, which was introduced into the mouth again and passed alongside the tube. Thereafter, tube position was double checked with both chest auscultation and capnography. Time from initial insertion of the Bonfils intubation fiberscope until the first tidal hub could be delivered was 35 s, and thus faster than in a study using the intubating laryngeal mask airway in patients with an immobilized cervical spine [5] .
Case 2
A 69-year-old man required cardiac life support in a pedestrianized area because of cardiac arrest from myocardial infarction. Bystanders were providing basic cardiac life support when the mobile intensive care unit arrived at the scene. Two intubation attempts failed because of an unanticipated difficult airway (Cormack and Lehane grade 4, morbid obesity; body mass index 40 kg/m 2 ). As bag-mask-valve ventilation was also difficult, we decided to use the Bonfils intubation fiberscope armed with an 8.0-mm endotracheal tube. The tube was successfully placed into the trachea as previously described in the first attempt, despite undesirable patient positioning flat on the ground.
Case 3
A 24-year-old woman attempted suicide by jumping out of a fourth floor window. When the mobile intensive care unit arrived at the scene, she was somnolent, but moved all extremities on command. The obvious injury pattern was as follows: mandible fracture, fractured forearm, femur fracture, pelvic instability, and suspected blunt thoracic trauma. According to the Advanced Trauma Life Support protocol, a cervical immobilization collar was used, and the patient was further immobilized on a spine board. A difficult airway was suspected because of cervical immobilization and midfacial hematoma. Therefore, the Bonfils intubation fiberscope was used with the technique described above. After anesthetic induction with sketamine (25 mg), etomidate (20 mg), and succinylcholine (100 mg), a 7.5-mm endotracheal tube was correctly placed in the first attempt within 45 s. A computed tomography scan of the cervical spine revealed a fracture of the seond cervical vertebra, which was considered unstable. After surgical treatment, the patient was transferred to a peripheral ward on day 7 after the accident without neurological deficiency.
Beyond the cases described above in detail, the Bonfils intubation fiberscope was electively used in three more patients in the field (two cardiac arrest victims and one intoxicated patient in respiratory arrest). In contrast to the first three procedures, sufficient retropharyngeal space was created with a size three Mackintosh laryngoscope blade. With this modified technique, all intubating procedures with the Bonfils fiberscope were performed uneventfully and as quickly as with direct laryngoscopy.
Discussion
Emergency patients often require emergency airway control by endotracheal intubation in the field. Challenging settings, facial trauma, aspiration, etc. contribute to difficult intubating conditions. Beyond that, many trauma victims are susceptible to cervical spine injury until this diagnosis has been ruled out in the hospital by clinical Battery-powered Bonfils intubation fiberscope armed with an 8.0-mm inner diameter endotracheal tube. Note that the tip of the fiberscope must be placed inside the endotracheal tube (see inset). and radiological examination. Until then, the cervical spine is immobilized by a rigid collar according to the Advanced Trauma Life Support protocol. Limited mouth opening and missing neck extension contributed to poor views on direct laryngoscopy (Cormack and Lehane grades 3 and 4) in 64% of patients whose cervical spine was immobilized with a rigid collar [6] .
The cases described above demonstrated the feasibility of the Bonfils device in two patients with prophylactically immobilized cervical spine -in one of whom cervical spine injury was actually present -who required emergency tracheal intubation in the field. In contrast to common clinical practice -removing the front portion of the immobilization collar and manual in-line stabilization by a second person -tracheal intubation under direct vision was achieved in our patient without the risk (and need) of any cervical spine movement, despite a very limited mouth opening.
Using an ultrasound-based motion system of the cervical spine, Wahlen and Gercek [7] could demonstrate the potential benefit of the Bonfils intubation fiberscope during elective endotracheal intubation under general anesthesia in the hospital. The range of cervical spine movement, especially concerning extension, was much greater with a standard Mackintosh blade (23 ± 101) than with the Bonfils intubation fiberscope (6 ± 51) [7] . This further margin of safety should not be withheld from patients with potential cervical spine trauma.
In the first three patients described above, intubation was successful in the first attempt, but took twice as long as with direct laryngoscopy. This difference, however, was not clinically significant and did not pose any risk of hypoxemia to the two trauma patients who were well preoxygenated to. In cardiac arrest victims, however, this extended apnea time could be a cause of concern. We therefore modified the technique of creating a retropharyngeal space, which is essential to allow quick insertion and downward passage of the fiberscope under vision, by using a standard Mackintosh laryngoscope blade. The blade was used for the sole purpose of facilitating the Bonfils' use, and no achievement was made to visualize the larynx with direct laryngoscopy. This modified technique decreased the apnea time to that of endotracheal intubation with direct laryngoscopy, and should therefore be preferred to the digital jaw thrust maneuver. Regardless of the length of apnea, firm cricoid pressure should always be applied continuously during both initial bag-valve-mask ventilation and endotracheal intubation to minimize the risk of gastric regurgitation and pulmonary aspiration.
A variety of techniques are available for managing the unanticipated difficult airway in emergencies, the Bonfils intubation fiberscope representing a further option. The laryngeal mask airway and the intubating laryngeal mask are well established, as are the esophageal-tracheal combitube and the laryngeal tube [8, 9] . The use of a particular device in emergencies should be based on (1) individual experience with a certain technique and (2) the decision if endotracheal intubation is absolutely indicated [10] . To merely maintain ventilation and oxygenation, laryngeal mask airway, esophageal-tracheal combitube, and laryngeal tube are effective means. If endotracheal intubation is absolutely indicated, the intubating laryngeal mask represents a well established alternative to direct laryngoscopy, with a success rate > 95% for endotracheal tube placement [10] .
In all patients described previously, endotracheal intubation was considered absolutely indicated to eliminate the risk of pulmonary aspiration. Using the intubating laryngeal mask could have been an alternative to the Bonfils technique; however, insertion of the rigid intubating laryngeal mask was supposed to be more difficult and time consuming in those patients with immobilized cervical spine and thus very restricted mouth opening. On the other hand, the main disadvantage of the Bonfils fiberoptic device compared with the intubating laryngeal mask becomes evident in patients with massive secretions, blood or gastric contents in the oral or pharyngeal cavities. The lens at the tip of the scope will be soiled and the view lost. The use of the Bonfils intubation fiberscope is therefore restricted to patients with a 'considerably dry airway'.
Despite this first promising series of in-the-field-use, physicians should explicitly familiarize themselves with the Bonfils intubation fiberscope under optimal clinical conditions before using the device under emergency and/ or prehospital conditions. In our experience, the learning curve with the Bonfils device is steep, and 10 intubations supervised by an instructor usually prove effective for achieving sufficient skills to use the Bonfils fiberscope on one's own and under less optimal conditions. In summary, we believe that the Bonfils intubation fiberscope will prove its value as an additional airway management device in both emergency and prehospital settings.
